DOCUMENT RESUME 



ED 061 384 



24 



UD 012 228 



AUTHOR 

TITLE 

INSTITUTION 
SPONS AGENCY 

BUREAU NO 
PUB DATE 
GRANT 
NOTE 



Parti, Michael; Adelman, Irma 

Optimal Allocation of Resources in Urban Education; 
An Econometric Approach. Final Report. 

Northwestern Univ. , Evanston, 111. 

Office of Education (DHEW) , Washington, D.C. Bureau 
of Research. 

BR— 0—0334 
Aug 7 1 

OEG— 5-70— 0026 (508) 

89p. 



EDRS PRICE 
DESCRIPTORS 



MF— $0.65 HC— $3. 29 

Academic Achievement; Academic Aptitude; Academic 
Performance; Educational Accountability ; ^Elementary 
Grades; Grades (Scholastic) ; *High schools; Language 
Development; Learning Difficulties; Low Achievers; 
Motivation Techniques; Performance Contracts; Reading 
Achievement; ^Student Motivation; Urban Areas; *Urban 
Education; ^Verbal Ability; Verbal Development; 

Verbal Learning; Verbal Operant Conditioning . j • . 



ABSTRACT 

This study identifies the policy variables that are 
effective in increasing student verbal achievement in urban grammar 
schools and high schools, and estimates the impact of these variables 
upon verbal achievement, expected years of education completed by a 
typical student, and expected lifetime earnings of a typical student. 
A theoretical model of student motivation is developed and used as a 
guide in the specification of an empirical model of student 
achievement. The empirical model is estimated using the data gathered 
for the following; (1) research methodology; (2) summary of results, 
conclusions, and recommendations; and (3) analytic and empirical 
background for the conclusions and recommendations, included in the 



third section are geometric and mathematical treatments of the 
replete with numerous tables, figures, and charts. (Author/SB) 



data , 





ED 061 384 



U S. DEPARTMENT OF HEALTH. 

EDUCATION & WELFARE 
OFFICE OF EDUCATION 
THIS OOCUMENT HAS BEEN REPRO- 
DUCED EXACTLY AS RECEIVED FROM 
THE PERSON OR ORGANIZATION ORIG- 
INATING IT. POINTS OF VIEW OR OPIN- » 

IONS STATED 00 NOT NECESSARILY 
REPRESENT OFFICIAL OFFICE OF EDU- 
CATION POSITION OR POLICY. 



\ 



Final Report 

Project No. 0-0334 
Grant No. 0EG-5- 70-0026 (508) 



OPTIMAL ALLOCATION OF RESOURCES IN URBAN EDUCATION: 
/ AN ECONOMETRIC APPROACH 



Michael Parti and .Irma Adelman 

Northwestern University 
Evanston, Illinois 60201 

August 1971 

The research reported herein was performed pursuant to a grant with 
the Office of Education, U.S. Department of Health, Education, and 
Welfare. Contractors undertaking such projects under Government 
sponsorship are encouraged to express freely their professional judg' 
ment in the conduct of the project. Points of view or opinions 

stated do not, therefore, necessarily represent official Office of 

Education position or policy 



H • 

~ O • 

ERIC 

• • ^ . 



U- S . * 'DEPARTMENT OF ‘ 
HEALTH, EDUCATION, AND WELFARE 

Office of Education 
‘Bureau of Research 



OPTIMAL ALLOCATION OF RESOURCES IN URBAN EDUCATION; 
AN ECONOMETRIC APPROACH 



PART I Introductory Section . 1 

Summary 

Introduction 

Methods 

The Model of Student Achievement 
The Econometric Models 
The Data 

PART II Summary of Results, Conclusions and Recommendations 4 

Result 5 

Conclusions and Recommendations 

PART III Findings and Analysis 7 

Chapter If The Determinants of Student Achievement in Grammar 

. Schools: A Simultaneous Equation Approach 7 

IV Introduction 

Ij. The Theory of Student Motivation 

II. 1. Graphical Analysis 

■ III. Motivational Consequences of Differences in Utility 
/ Functions and Transformation Functions 

/ III. 1. Motivational Consequences of Differences in 
Utility Functions 

III. 2. Motivational Consequences of Differences in the 

' Second Equation . . 

III. 3. Motivational Consequences of Differences in the 

Third Equation : ; .. 

IV. The Empirical Model of Student Achievement 

• . iv. l. File Data • I i 7 .-H-v; - * I j ? - i i -- “i : ! i ^ 0 

IV. 2. Specification and Estimation of the Empirical 

Model : ; j ; r'-. ^ 0 { ‘J. ;:.7 -’ 7:-. 

IV. 2.1 Preliminary Summary of the Model 

IVs 2. 2 An Educational Production Function a;: ;i • 

IV. 2.3 The Second Equation: Student Motivation 

IV. 2. 4 The Third Equation pi“Ef fee tive Class.;., Size 
IV r 2.5; The Fourth Equation; Classroom Discipline 

• IV. 2.6 The Fifth Equation: Parental Interest in 

; Education- ’• ‘ j | ;.f "j.’ j 

V. 1 Summary 7 and Conclusions 

. .Appendix '77” I r- fji U--’ v ; 




Chapter II: 



The Determinants of Student Achievement 
in High Schools: A Simultaneous Equation 

Approach 



x I. Introduction 

II. The Theory of Student Motivation in Secondary 
Schools • 

II. 1. Graphical Analysis 

III. Motivational Consequences of Differences in 
Transformation Functions 

111.1. Motivational Consequences of Differences in 
the Achievement Function 

111. 2. Motivational Consequences of Differences in 
the Income Function 

IV. The Empirical Model of Student Achievement in 
High School 

IV. 1. The Data 

IV. 2. Preliminary Summary of Causation in the 
Empirical Model 

IV. 3. ' Estimation of the Empirical Model 
IV. 3.1. An Educational Production Function for 
Twelfth Grade Students 

IV. 3. 2 The Second Equation: Student Motivation 

IV. 3. 3 The Third Equation: Disciplinary Problems 

IV. 3-4 The Fourth Equation: Parental Interest in 

Education 

V. Summary and Conclusions 



Chapter III. Educational Inputs 



and Their Relationship to 



Future Student Earnings 



I. ; Introduction • ; .:.V* • : 

II. The Determinants of Schooling and Income 
II. 1. The Direct Determinants of Schooling 

II. 2. The' Determinants of Future Income 

III. Summary of the Complete Model 

III; 1. Submodel I: The Grammar School 

• lilt 2 ; . Submodel II: The High School 

III. 3 . ’ ■ The Policy ■ Variables ■ ! !.;V 

111. 3. 1 Relationship Between Educational Inputs and 
Years- of Educa t ion j ; i .• :;•! 

111. 3. 2 Table I: Schooling Multipliers 

111.3.3 Earnings Multipliers 
Appendix B 



1 



PART I INTRODUCTORY SECTION 

* SUMMARY 

This study identifies the policy variables that are effective 
in increasing student verbal achievement in urban grammar schools 
and high schools. A theoretical model of student motivation is 
developed and used as a guide in the specification of an empirical 
model of- student achievement. The empirical model is estimated 
using the data gathered for the Coleman report on Equality of Edu- 
cational Opportunity, The empirical model is used to quantify the 
rates of return associated v;ith each policy variable 

INTRODUCTION 

The purpose of this study is to identify an economically and 
educationally efficient pattern of resource allocation in urban 
education. To this end, the study identifies the policy variables 
that are effective in increasing student verbal achievement in 
urban grammar schools and high schools and estimates the impact of 
these variables upon verbal achievement, upon expected years of 
education completed by a typical student and upon expected lifetime 
earnings of a typical student. Previous studies of resource alloca- 
tion in education have had some difficulty in distinguishing effects 
which are specific to par ticular, school controlled, policy variables 
because of the large amount of intercprrelation among these variables 
and between these variables and variables describing the students) 
socio-economic status and non-school environment. 

METHODS 

The present paper develops a theoretical model of student 
motivation that is used as a guide in the specification of an 
empirical econometric model of student achievement. This empirical 
model describes the educational process in grammar schools and in 
high schools as a chain of causal relationships , thereby greatly 
reducing the imprecision due to in ter cor relation among the s tudent 
background and the school variables • The empirical model is used 
to es timate, by means of econometric techniques , a simultaneous 
equation econome trie model . The parame ters of the es timated ; : / • 
model are used to derive es timates of the impac t of the school 
controlled policy variable^-iiaupon various indicators of school output: 
student verbal achievement, expected years of school completed, and 
expec ted s tudent earnings • iFu rthe r validation of the st ructure of ; 
the envp i r i cal model i s- prov ided in Append ? x:’ B . - ■!' 'ii* 1 i ; 
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The Model of Student Achievement 



The theory of student motivation developed here is essentially 
an outgrowth of the theory of consumer choice. The latter theory 
describes how the consumer's dollar budget is allocated among 
various goods. The present theory describes how the student chooses 
to allocate his classroom time between academic and non-academic 
pursuits. In the theory of consumer choice, the consumer is assumed 
to purchase the satisfaction embodied in the consumption of a 
bundle of goods and services with the money he spends. Here the 
student is viewed as purchasing a stream of present and future 
rewards with the time at his disposal. 

It is assumed that the student divides his classroom time among 
time spent on academic pursuits and time spent on non-academic pur- 
suits with a view to maximizing the psychological rewards (utilities) 
resulting from this allocation. In the analysis that follows, 
the proportion of classroom time spent on academic pursuits is viewed 
as allocated to the purchase of a composite good comprising the 
rewards (teacher acceptance, expected future earnings , etc . ) which 
can be purchased with classroom time devoted to academic work. Simi- 
larly, the proportion of time spent on non-academic pursuits Is 
viewed as devoted to the purchase of another composite good con- 
sisting of the rewards (peer acceptance, leisure) that tend to be 
acquired by expenditure of classroom time on non-academic endeavors • 

It is shown how various school and socio-economic factors affect 
the students ' evaluation of the two compos ite goods which can be 
purchased with academic and non-academic usage of classroom time 
(i.e. , their utility functions) and how these variables influence 
the ability of students to transform classroom time into peer group 
and into teacher acceptance (i.e., their opportunity sets) • The 
result is a theory which describes the way in which student study 
habits are affected by various school and home character is tics • That 
theory is then used to specify how these variables should enter a 
descriptive empirical model that predicts the level of student achieve 
ment. i : /- r. •; : "j.; ■ i : ! : 'l 

The Econometric Models 



The model thus arrived at is estimated econome trie ally , us ing 
simultaneous equation techniques. Separate equations are estimated 
for a grammar school and for a high school model. 

The general flow 
summari zed as follows: 
men t is determined by 
background variables . 

determined by prior verbal ability and the extent of 'disciplinary 



of causation in the estimated models can be 
In the firs t- equation student verbal achieve - 
student motivation and several other school and 
In the second equation stiuderit motivation is 



problems in high schools 



and by parental interest, effective class 



t 
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size and several other variables in grammar schools. The third 
equation for grammar schools determines effect ive class size by 
actual class size, the quality of instructional equipment and by 
the extent of disciplinary problems in the school. The subsequent 
equations determine the extent of classroom disciplinary prob lems 
in the high schools and grammar schools by actual class size, parental 
interest in education and several other school and background 
variables. Finally, parental interes t in education is determined by 
family background characteristics. The flow of causation in the model 
therefore runs from various school and background variables through 
the extent of disciplinary problems and the opportunity for personal 
contact between teacher and student, which interact to determine 
student motivation and therefore student achievement. 



The endogenous variables in the model are student verbal ability in the 
sixth and twelfth grades-, student motivation, a proxy for the number of 
positively reinforcing contacts that can be made by the teacher^-, 
student disciplinary problems, and parental interest in education. 

The exogenous policy variables in the model are average teacher 
verbal ability, the proportion of teachers who were education majors 
in college, the average number of years of teacher experience, the 
difference in the proportions of black students and black teachers, 
average class size, the quality of classroom ins true tional equipment, 
the extent to which students had been read to before kindergarten and 
the extent to which teachers are free to adopt classroom procedures 
adapted to the needs of the students. The remaining exogenous var- 
iables in the model are student background variables, a proxy for the 
prior verbal ability of sixth grade and ninth grade students, and the 
extent of racial harmony in the school. ’ 



The Data 



is a 



The data set upon which the statistical analyses are based — _ 
statistical random sample of 369 grammar schools and 95 high schools 

i iT -i _ ______ ! Ll i.v ' : !» a 1 1 a ok'i*' A -» 1 QA ^ '.'f ■ nc in t n th 0 



taken from the cross -sec tional data collected in 1965 for use 



Coleman Report. The 



complete 



was no t used because 
criticisms of the Coleman 
than the original s ; 



Coleman data set 

we wished to take account of some of the 
Report. The present sample is made smaller 
so that it could be more highly representative of Blacks and cities . 
In addition, the Coleman figures were subjected to extensive editing 
to eliminate recording errors, and to ensure internal consistency. 



This variable is omitted from the high school model, where 
teacher -s tudent relationships are more impersonal . 
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PART II SUMMARY OF RESULTS, CONCLUSIONS AND RECOMMENDATIONS 



RESULTS 



The policy variables which the econometric estimates obtained in 
the model indicate to be important are listed below, in order of descend 
ing influence upon student achievement. The effect upon student 
achievement of the variables Listed under headings (1) and (2) is sub- 
stantial; the influence of variables listed in (3) and (4) is moderate; 
and the impact of the variables detailed under headings (5) and (6) 
is quite small, \*hile still being statistically significant. For an 
understanding of the meaning of the results the reader should consult 
Chapters I-III of the Analysis and Findings section of the present 
report. 

We find that: 

1. Teacher verbal ability is by far the most important 
determinant of student achievement in both high school and 
grammar school . 

2. Pre-school enrichment programs are the second most impor- 
tant determinants of student achievement with effects lasting 
at least to the sixth grade. 

3. Racial matching of teachers and students is likely to 
increase student motivation, particularly for black students. 

4. Grammar school .teachers who were education majors tend 
to be more effective than other teachers of similar verbal 
ability in produc ing student achievement. 

The following variables are substantially less important determinants 
of student achievement than those described above: 



5. Class size and the quality of instructional equipment 
affect the number of positively reinforcing student con- 
tacts that can be made by teachers. They are therefore 



ind irect 



determinants of student motivation. 



6 . Teacher experience and the relative freedom of teachers 
*- - ' fAnKm'nnoc to : the needs of s tudents 



to fit instructional techniques 

influence the extent of classroom disciplinary problems. 
Because disciplinary problems reduce the time available for 
positively reinforcing contac ts experience and freedom are 
indirect determinants of s tudent motivation. 




*7 
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A proxy for the social benefits to be gained from a particular 
educational policy is the future income stream which would be 
generated by increasing the level of the pertinent policy variable. 
In what follows we will refer to the increment in the present 
value of total future student earnings attributable to a unit 
increment in a policy variable as the return to that policy 
variable. This return is calculated assuming that: the rate of 

discount of future earnings is 5 % 2 , the increment in lifetime 
earnings is in the form of a constant yearly sum over a working 
lifetime of 40 years, the average number of years of education 
completed by a typical student is 12.8 years and there are 30 ^ 

students per class. Then: the return to teacher verbal ability 

on the high school level is $7503 per teacher year, and the return 
to teacher verbal ability on the grammar school level .is $7066 
per teacher year. The return to preschool reading programs is 
$1710. The return to the teacher-student racial difference is 
$180 for the high school and $283 for the grammar school. The 
return to teacher education majors is $386. The returns to class 
size in high schools and grammar schools are $360 and $270 
respectively. The return to instructional equipment is $39 and 
the return to teacher experience is $64. Finally, the return to 
teacher freedom is $13. 



CONCLUSIONS AND RECOMMENDATIONS 



The summary of recommendations which follows is stated without 
the usual caveats concerning the quality of the data, the compre- 
hensiveness of the model, etc. These are to be understood to apply 
to this as to any other analysis. For a better perspective ° n the 
applicability and limitations of the recommendations the reader is 
urged to examine Chapters I— III of Part III (Findings and Analysis). 
It should, however, be mentioned even here that the recommendations 
presented be lor/ are the resul t of a s tudy based on data applying to 
a variety of schools at a single point of time rather than on panel 
(time series) data relating to a set of schools over time. Our 
recommendations therefore do not apply to the transition problems 
which might be encountered in their implementation; their validity 
is for a post-transition period, and describes the average results 



over 



if the objec- 
academic achieve* 



which might be expected from the changes recommended 
or so . ; 

On the basis of our findings we recommend that, 
tive of public education is .to enhance the student's 
ment, their lifetime earning capacity, or their motivation then: 

(1) School authorities should alter their salary structures 
and hiring practices so as to promote the hiring of teachers 
with greater verbal ability. <=■ 



a decade 



d 

ERIC 



•For discount rates of 67., 7%, and 87. the returns given 



in the next 



paragraph should be multiplied by • 88 , ,77, and •69 i ; respec 



tively . 



3 The 

ffiven 



definitions 



of the un i ts in which the variab les 



in the discussion of Table II of Ctapter III of 



are measured 
Part III • of 
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(2) On the other hand, emphasis on teacher experience and 
on semesters of education of teachers appears unwarranted 
in terms of student educational achievement. Educational 
results do not justify the current emphasis being placed on 
these factors in salary structures and hiring practices. 



(3) The persistent affect on student achievement of the 
extent to which students were read to before kindergarten 
even when one controls for socio-economic background and 
other home environment and school characteristics suggests 
that pre-school enrichment programs can be expected to 
yield large returns, particularly for students whose parents 
do not provide a verbally active environment. 

(4) In assigning teachers to schools, a policy of minimizing 
teacher-student racial differences should be followed. The 
importance of the extent of teacher-student racial differ- 
ences in termining student motivation suggests that because 

of their roles as meaningful educational models, Black teachers 
should be preferred to white teachex*s ol : equal verbal ability 
for black s tudents . 



(5) For grammar schools , teachers who were education majors 
in college should be preferred, since they tend to produce 
students of higher verbal ability than do teachers who have 
other college majors . 



(6) Expenditures for reductions in class size, and improvements 
in the qual ity of instructional equipment generate rather small 
returns in terms of student performance; even though they do 
affect student motivation. 



(7) Reduced class sizes and 
impor tant in grammar schools 



teacher experience are 
than in h igh sc ho o 1 s . 



more 



(8 ) Teacher freedom to fit classroom procedures to the needs 
of the s tudents leads to slight: improvements in student mot iva 
tion and achievement. S ince an increase in relative teacher 
freedom is however virtually costless, school authorities 
might profitably experiment with curriculum designs that allow 
the teacher more latitude. 
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PART III FINDINGS AND ANALYSIS 

THIS SECTION OF THE REPORT WHICH IS DIVIDED INTO THREE CHAPTERS 
Q-£Y£g THE ANALYTIC AND EMPIRICAL BACKGROUND FOR THE CONCLUSIONS 
AND RECOMMENDATIONS OF THE STUDY. 



Chapter I 

THE DETERMINANTS OF STUDENT ACHIEVEMENT IN GRAMMAR SCHOOLS: 
A SIMULTANEOUS EQUATION APPROACH 



I. INTRODUCTION 



The purpose of this study is to identify the policy variables 
that are effective in increasing student verbal achievement in 
urban grammar schools. Previous studies with the same general goal 
have had some difficulty in distinguishing effects which are spe- 
cific to particular policy variables because of the large amount 
of intercorrelation between variables treated as "independent." 

The present paper develops a theoretical model of student 
motivation that is used as a guide in the specification of an 
empirical model of student achievement. This empirical model 
describes the educational process as a chain of causal relation- 
ships, thereby greatly reducing the imprecision engendered by 
mu lticollinearity. Estimates of the parameters are presented and 
the policy recommendations resulting from the model are discussed. 

The associative theories of learning upon which this paper 
relies state that student verbal achievement is determined pri- 
marily by the number and arrangement of words to which the indivi- 
dual is exposed. In a survey of learning theory, for example, 
Arthur Jensen says that, "learning verbal labels for objects is 
greatly facilitated if the labels occur with the objects repeatedly 
in different verbal contexts ." 1 Student classroom exposure to 
words is, in turn, determined by the ability and training of the 
teacher and by the willingness of the student to be instructed, 
student motivation. To understand the learning process, we there- 
fore require a theory of student motivation* 



II. THE THEORY OF STUDENT MOTIVATION 

The theory of student motivation developed here is essentially 
an outgrouth of the theory of consumer choice. The latter theory de- 
scribes how the consumer's dollar budget is allocated among various 
goods. The present theory describes how the student chooses to allocate 
his classroom time between academic and non- academic pursuits • In the _ 
theory of consumer choice, the consumer is assumed to purchase the satis- 
faction embodied in the consumption, of a bundle of goods and services with the 



ERIC 



1 "Social Class and Verbal Learning" in Social Class, Race, and 
Psychological Development ; Deutsch, Katz : and Jensen editors; New York; 
Holt, Rinehart and Winston, Inc. , 1968 , jjlVv 126-127. 
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money he spends. Here the student is viewed as purchasing a stream of 
present and future rewards with the time at his disposal. 2 

It will be assumed that the student divides his classroom time among 
time spent on academic pursuits and time spent on non-academic pursuits 
with a view to maximizing the psychological rewards (utilities) 
resulting from this allocation. The most important rewards associated 
with time spent on academic pursuits are: parental approval, teacher 
approval, expected future earnings, and expected future occupational 
status. The primary rewards associated with time spent on non-academic 
pursuits are: peer acceptance and leisure (i.e., school time devoted to 
relief from boring or difficult work). Specific reward items can, of 
course, appear on both lists. For example, at some schools and in some 
subgroups of students peer acceptance may depend upon academic status 
as well. In others, parental approval may be essentially independent of 
student academic achievement. 

In the analysis that follows, the proportion of classroom time spent 
on academic pursuits M will be viewed as allocated to the purchase of 
a composite good T, comprising the rewards (teacher acceptance, 
expected future earnings, etc.) which can be purchased with classroom 
time devoted to academic work. Similarly, the proportion of time spent 
on non-academic pursuits ((1)L=J— M) will be viewed as devoted to 
the purchase of a composite good P, consisting of the rewards (peer 
acceptance, leisure) that tend to be acquired by expenditure of class- 
room time on non-academic endeavors. It will be assumed that the utility 
function which is maximized by the student is a convex ordinal preference 
function of T and P, U (T, P). It will also be assumed that the functions 
describing how academic and non-academic classroom time are transformed 
into P and T respectively are linear, 3 with (2) T = a M and 

(3) P - d L and a and d constants. 

Given these assumptions it can be shown that the student can 
transform P into T as described by equation: 

(4) T = a - ( a/d ) P. 

We can then find the student’s desired T and P, and therefore his 
desired M, by maximizing U ( T, P ) subject to (4). Using the method of 
Lagrange we maximize 

(5) W = U ( T, P ) + \ [T - a + ( a/d ) P] 



o 

See Gary S. Becker, A Theory of the Allocation of Time, EJ 75: 
493-517, Sep. 1965. 

^It should be stressed that this assumption is made for expositional 
convenience only and not because it is required iri the analysis. 
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Taking partial derivatives with respect to T and P, setting them 
equal to zero and eliminating X. we obtain the equilibrium condition 

(6) -( a/d ) = -( 3U/3P )/( dIT/oT) 

Equations (4) and (6) are the first order necessary conditions for 
maximum utility.^ They may be solved for an equilibrium value of H, 

M' . M' is the proportion of classroom time the student desires to 
devote to academic pursuits. It is the theoretical measure of student 
motivation used in this study. 5 

II. 1. Graphical Analysis 

The meanings of these conditions will be explained with the aid of 
a four-panel diagrammatic analysis based on Figure I. The solid straight 
lines in panels one through four are representations of equations one 
through four. 

The line ad in the third panel is derived from the other three 
panels as follows: If the student devotes all his classroom time to 

academic work he will be at point h in panel 1. This corresponds to a 
level a of teacher acceptance (see panel 4) and to a zero level of 
non-academic work. The second panel shows (see point o) that this, in 
turn, corresponds to a zero level of peer acceptance. Thus point h in 
panel 1 corresponds to point a in panel 3. Point g in panel 1 corre- 
sponds to point o in panel 4, point k in panel 2 and therefore to point 
d in panel 3. Connecting points a and d by a straight line (repre- 
senting equation 4) we have the collection of points in ( T, P ) space 
that correspond to the line gh in ( L, M ) space. For example, point n 
in panel 3 corresponds to point n' in panel 1. Therefore, for the 
student, choosing a particular mix of teacher and peer acceptance 
( T', P' ) is equivalent to choosing the proportion of classroom time 
M' to be devoted to academic work. 

The curved line in panel 3 represents one of the student's indiffer- 
ence curves. We know that the slope of an indifference curve is: 

dT/dP - -( SII/DP )/( dU/aT ). 



The second order condition for maximum utility is satisfied because 
of the linearity of equation .4 and the assumed convexity of the student's 
indifference curves. 



This measure is made simple for expositional convenience. A more 
complete measure would take into account the intensity of work per unit 
of time that the individual is willing to do. 




12 
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From equation 4 we know that the slope of the line ad is -(a/d). There- 
fore, the first order conditions mean that the student should operate at 
point e in panel 3 where one of his indifference curves is tangent to 
his transformation curve. This point corresponds to point e' in panel 
1. Thus the equilibrium proportion of classroom time devoted to 
academic work by the student represented in Figure I, would be M* . 

III. MOTIVATIONAL CONSEQUENCES OF DIFFERENCES IN UTILITY FUNCTIONS 
AND TRANSFORMATION FUNCTIONS 

We have presented a theoretical model in which the level of student 
motivation is determined by the student’s tastes and opportunities. We 
will now use the model to investigate the causes of some differences in 
student motivational characteristics. 

III. 1. Motivational Consequences of Differences in Utility Functions 

Consider the point r in panel 3. If the student's tangency position 
were at r rather than at e, he would devote more (M r rather than M’) 
time to academic work. A tangency position at r indicates that the 
student finds peer acceptance relatively less important and teacher 
acceptance relatively more important than a student with a tangency 
position at e. The nature of family life of low status families (a 
greater degree of father absence, more mothers who work, and a greater 
number of siblings with whom to compete for available parental attention) 
encourages their children to be independent of the family at a relatively 
early age and to use the peer group as a substitute source of values. 
These values tend to favor physical prowess and attitudes of independence 
of authority. By contrast, young middle class children rely primarily 
on their parents for ego support and development . 6 



6 

°For an excellent summary of social class and racial differences in 
ego development see, Ausubel and Ausubel, "Ego Development Among 
Segregated Negro Children," in Education in Depressed Areas ; H. Passow, 
ed.; 1968. In referring to the influence of social class the Ausuhels 
say, "Many of the ecological features of the segregated Negro sub- 
culture that impinge on personality development in early childhood are 
not specific to Negroes as such, but are characteristic of most lower- 
class populations . . . lower class parents extend less succorant care 
and relax closely monitored supervision much earlier than their middle- 
class counterparts. Lower-class children are thus free to roam the 
neighborhood and join unsupervised play groups at an age when suburban 
children are still confined to nursery school or to their own backyards. 
Hence, during the pre-school and early elementary-school years, the 
lower-class family yields to the peer group much of its role as 
socializing agent and source of values and derived status. . . This 

pattern of precocious independence from the family combined with the 

(Cont . ) 

O 

ERIC 
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Thus we would expect to find relatively many high status students 
at points like r and relatively many low status students at points like 
e. The empirically testable version of this proposition for the present 
study is that, cet , par . , low status students are less highly motivated 
than high status students. 

The preceding discussion has dealt with motivational differences 
that arise from socially induced differences in utility functions. We 
will now consider motivational differences that arise from differences 
in opportunity sets. The student’s opportunity set is derived from 
equations one, two, and three. Any differences in opportunity sets must 
therefore arise from differences in one or more of these equations. 

Since equation one is the same for all students, whatever opportunity set 
differences arise stem from equations two and three. 

III. 2. Motivational Consequences of Differences in the Second Equation 

The second equation indicates the rate at which the student can 
transform academic work into teacher acceptance. Teacher acceptance for 
the purposes of this exposition should be thought of as the number of 
positively reinforcing contacts made by the teacher during the time 
period under discussion. ? The rate at which these contacts are made 
depends upon the teacher’s willingness and opportunity. 

The teacher’s opportunity for contact with the individual student 
depends in turn upon the amount of attention required of her by other 
students. This required attention may be expected to rise 1) if the 
teacher does not have good instructional equipment to constructively 
occupy her other students; 2) if the teacher must cope with a relatively 
large number of discipline problems, or 3) if there are a large number 
of students in the class. Any of these considerations can be expected to 
reduce the slope of the line representing the rate at which academic time 
M can be transformed into teacher acceptance T (constant a in equation 2). 

The fourth panel in Figure II shows a change in the slope of the 
second equation. According to our discussion above, a decrease in class 
size or disciplinary problems or an increase in the quality of 
instructional equipment can be expected to change the diagram of equation 



(Cont.) exaggerated socializing influence of the peer group, although 
characteristic of both white and Negro lower-class children, does not 
necessarily prevail amon^ all lower-class minori.ty groups in the United 
States. Both Puerto Rica and Mexican children enjoy a more closely knit 
family life marked by mottS intimate contact between parents and children." 

^This can be thought of as a school year. 
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2 from oi to o j . If equation 3 does not change, the change in the 
second equation will lead to a change in the diagram of equation 4 from 
ad to a'd. 



In panel 3 of Figure II, the student was originally in equilibrium 
at the tangency point v on indifference curve Uq. This corresponds to 
a level M' of student motivation (see quadrant 1 in Figure II). In 
order to show the influence of a change in equation 2 upon student 
motivation, we will separate the total effect in quadrant 3 into what 
may be termed an income effect and a substitution effect. By an income 
effect, we mean the change in consumption of P and T that the student 
will make as a result of a parallel shift in his opportunity set 
boundary. By a substitution effect, we .mean the change in the student's 
equilibrium quantities of T and P that will result if the slope of his 
opportunity set boundary is changed and he is forced to remain on the 
same indifference curve. 



In panel 3 the substitution effect is from v to w. Where the 
indifference curve U Q is tangent to the dotted line cc which is parallel 
to the student's opportunity set a'd. The direction of the sub- 
stitution effect is given by the assumptions about the convexity of the 
utility function. After changes in the diagram of equation 3 from oi 
to o j , the student finds that the price of teacher acceptance in terms 
of time has decreased while the price of peer acceptance has remained 
the same. Teacher acceptance has therefore become relatively cheaper 
and peer acceptance has become relatively dearer. The substitution effect 
from v to w thus results in an increase in T and a decrease in P . In 
terms of student motivation, the substitution effect involves an increase 
in motivation from M' to M" . 



The influence upon student motivation of the income effect resulting 
from a change in the price of teacher acceptance conflicts with the 
influence of the substitution effect. The movement from point u on cc 
to a point on a'd constitutes the income effect. In the theory of 
consumer behavior a normal good is one whose consumption increases as a 
result of a parallel shift in the boundary of the opportunity set. An 
assumption of normality would seem reasonable for both T and P. The 
meaning of this assumption is as follows: the student will try to 
increase his consumption of both P and T if his opportunity set boundary 
shifts out in a parallel manner. This means that the students final 
equilibrium point will be between x and z. (see panel 3 of Figure II). 

If the final equilibrium point were between x and y, a policy like 
class size reduction would lead to an increase in student motivation. 

On the other hand, if the final equilibrium point were between y and z, 
a policy like class size reduction would, perversely, lead to a decrease 

in student motivation. - 

If the substitution effect dominates , the association between teacher 
contact and student motivation estimated empirically will be positive. 
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However, because of the opposite influences of the substitution and 
income effects upon student motivation, empirical estimates of the 
effect of increased teacher contact might be expected to be low. 

III. 3. Motivational Consequences of Differences in the Third Equation 

The third equation indicates the rate at which the student can trans- 
form non-academic classroom time into peer acceptance. For the purposes 
of this exposition, peer acceptance can be thought of as the number of 
close friends the student has. 

The methods employed by students to transform non-academic classroom 
time into peer acceptance generally produce disciplinary problems. In 
fact, for many students, the creation of classroom disruptions is a 
chief means of acquiring peer acceptance.® The teacher who is most 
sensitive to the process by which disruptions are transformed into peer 
acceptance can be expected to be most effective in providing counter- 
measures which blunt the efficiency of that process. It is sometimes 
said that this kind of teacher sensitivity is acquired through experience 
or through similarity in teacher-student backgrounds, and is most effec- 
tive when school regulations do not hinder the implementation of appropri 
ate countermeasures. Thus, we would expect such things as teacher 
experience, teacher— student racial differences, and relative teacher free 
dom in classroom organization and techniques of control to affect the 
slope of the third equation. 

The rate at which the student can transform classroom time into peer 
acceptance also depends upon the values of the peer group. If an 
attitude of independence is prized, the student will find it easier to 
buy peer acceptance with a given number of classroom disruptions and 
more difficult to maintain peer acceptance if he automatically complies 
with the wishes of the teacher* In speaking of the relationship between 
student and teacher, Ausubel and Ausubel^ say, "The lower-class child of 
school age... . . is coerced by the norms of his peer group against 

accepting her authority, seeking her approval, or entering into a satel- 
lizing relationship with her." Thus we would expect social class to 
affect the slope of the third equation. 



To loosely test this proposition, twenty students from different 
classes in two grammar schools were asked two questions: 1) Who is the 
most popular person in your class? 2) Is he (she) the sort of person who 
fools around a lot or does he (she) study hard? In every case the most 
popular person fooled around a lot in class, although several also 
studied hard. The two schools were polar types; i.e., one was in a poor 
Black neighborhood and the other was in a well-to-do White neighborhood. 

9 . 

Ausubel and Ausubel, Op. Cit.y p. 117. 




18 



16 



The second panel in Figure III shows a change in the slope of 
equation 3. According to our discussion above, a decrease in teacher- 
student racial differences, an increase in teacher experience, or an 
increase in teacher freedom will lead to a change in the diagram of 
equation 3 like that shown from oj to ok. Because of differences in 
peer group values, students from high status families can be expected to 
face curves like ok while students from low status families can be 
expected to face curves like oj . A movement from oj to ok will lead to 
a change in the diagram in quadrant 3 from ad to ad'. 

In panel 3 of Figure III, the student was originally in equilibrium 
at tangency point v. The total effect upon student motivation arising 
from a change in the third equation will be separated into an income 
effect and a substitution effect, as before. 

In panel 3, the substitution effect is from v to w. In terms of 
student motivation, the substitution effect involves an increase from M' 
to M" (see panel 1 of Figure III). As in the previous case, the 
direction of the income effect is the opposite of the direction of the 
substitution effect. The movement from point w on cc (quadrant 3) to a 
■ point on ad' constitutes the income effect. If normality is again 

assumed for both P and T, the student's final equilibrium point will be 
between X and z. 

Thus, if the final equilibrium point were between y and z, an 
increase in a variable like teacher experience would lead to an increase 
in student motivation from point M' to a point between M' and M" . If the 
final equilibrium point were between y and x, an increase in a variable 
like teacher experience would lead to a decrease in motivation from M' 
to a point between M' and M' ' * . If the substitution effect dominates 
the income effect, we should notice a positive but small association be- 
tween variables like teacher experience and student motivation. 

IV. THE EMPIRICAL MODEL OF STUDENT ACHIEVEMENT 

The structure of the empirical model to be developed in these pages 
is anchored in the theory of student motivation formulated above and in 
an associative theory of learning. 

Before proceeding with the specification of the empirical model, 
however, a few words about the data to be used are in order. 

IV. 1. The Data 

The data set upon which the following statistical analyses is based 
is a stratified random sample of 369 grammar schools taken. from the cross 
sectional data collected in 1965 for use in the Coleman Report. ^ 



^The Report on Equality of Education Opportunity published in 1966 by 
the Office of Education. 
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FIGURE IV 

CAUSATION IN THE GRAMMAR SCHOOL EMPIRICAL MODEL 
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The complete Coleman data set was not used because we wished to take 
account of some of the criticisms^ 1 of the Coleman Report. The present 
sample is made smaller than the original sample so that it could be more 
highly representative of Blacks and of cities. To this end, rural 
schools are eliminated from the sample and the proportion of suburban 
schools is smaller than in the original sample. 

The greatest difference between the original and present samples is 
that the former consists primarily of individual student, teacher and 
principal responses to a set of questionnaire items while our data set 
consists largely of school averages of these responses. These averages 
were taken principally to facilitate data handling. 

IV . 2 . Specification and Estimation of the Empirical Model 

In the following sections of this paper we will use the theory of 
student motivation to aid in the specification of a five-equation recur- 
sive model of the educational process. Two stage least squares tech- 
niques will be used to estimate these equations. Before proceeding with 
a detailed description of each equation, however, we will first summarize 
the general flow of causation in the model. . 

I V . 2.1 Preliminary Summary of the Model 

The endogenonous variables in the model are student verbal ability 
in the sixth grade, student motivation, a proxy for the number of 
positively reinforcing contacts that can be made by the teacher, student 
disciplinary problems , and parental interest in education. The exogenous 
policy variables in the model are average teacher verbal ability, the 
proportion of teachers who were education majors in college, the average 
number of years of teacher experience, the difference in the proportions 
of black students and black teachers, average class size, the quality of 
classroom instructional equipment, the extent to which students had been 
read to before kindergarten and the extent to which teachers are free to 
adopt classroom procedures adapted to the needs of the students. The 
remaining exogenous variables in the model are student background 
variables, a proxy for the prior verbal ability of sixth grade students , 
and the extent of racial harmony in the school. 

The general flow of causation in the model can be summarized as 
follows: In the first equation average student verbal ability in the 

sixth grade is determined by student motivation and by several other 
school and background variables. In the second equation student 
motivat ion is determined by parental interest, by effective class size 
(the proportion of teachers who think their classes are too large for 
effective teaching) and by several other school and background variables. 



^ ^ See , for example, the excellent analysis by Bowles and Levin in the 

■ jhr, hi, 1967. 

ERIC ■ v:-.. : ■ V;;: 22: - | n i ^ ^ -S” ; 
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In the third equation, effective class size is determined by the extent 
of student disciplinary problems, by actual class size, and by the 
quality of instructional equipment . In the fourth equation, the extent 
of stud f rnt disciplinary problems is determined by parental interest in 
education, by class size, by teacher experience and by several other 
school variables. In the fifth equation, parental interest in education 
is determined by a set of socio-economic background variables. 

The flow of causation therefore runs from various school and back- 
ground variables through the extent of disciplinary problems and the 
opportunity for personal contact between teacher and student, which 
interact to determine student motivation and therefore student achieve- 
ment. _ . 

I V . 2.2 An Educational Production Function 

The educational production function used in this study treats as a 
dependent variable the average school score (V 6)^ on a test given to 
sixth grade students to determine their verbal ability. Without wishing 
to go into the technicalities of differences between the various learning 
theories we assume that the school can increase student verbal 
achievement by manipulating variables affecting the number and 
arrangement of words to which the individual is exposed so as to achieve 
a proper exploitation of the network of associations possessed by the 
student. The kind of mechanism, we assume to be at work in this 
associative theory of learning was nicely summarized by James in 1890 in 
his, Principles of Psychology . He said of a fact that, ’’Each of its 
associates becomes a hook to which it hangs, a means to fish it. up by 
when sunk beneath the surface." 

Since the main source of new words in the classroom is the teacher, 
we would expect on rather straightforward grounds that, cet . par . , the 
average verbal ability of teachers (TVERBL)^ would be positively 
related to V 6. However, the effect of teacher verbal ability upon 
sixth grade student achievement may be more complicated than this. 

Highly verbal teachers may be more sensitive to the kind of associations 
possessed by the students and perhaps better able to alter inodes of 
instruction to fit their needs. 



12 - 
The numbers and letters in parentheses are the variable names used xn 

the regression equations. V 6 is the average school score on a test given 

to sixth grade students. Its sample mean and standard deviation are 27.8 

and 7.2 respectively. 

^TVERBL is the average school score on a verbal test given to teachers. 
Its sample mean and standard deviation are 23.7 and 2.2 respectively* 




23 



21 



This latter skill is presumably taught in college courses on 
elementary education. We would therefore expect V 6 to rise cet . par . , 
as the proportion of teachers who majored in elementary education 
( TEDMAJ rose. 

As noted in the. introductory part of section II, we expect the more 
highly motivated students ( S T U T R Y ) 15 to attain higher verbal 
scores, cet . par . , on the grounds that highly motivated students will 
use their classroom time more effectively and will therefore be exposed 
to a greater number of association-building learning experiences. 

Cultural differences between black- and white students might be 
expected to lead to racial differences in the number and pattern of 
associations. Therefore, since courses of instruction have primarily 
been aimed at exploiting the associat ional patterns of white students, 
we would expect the average sixth grade verbal score ( V 6 ) to rise as 
the percentage of white sixth graders ( R A C E ^ )16 rises. Racial 
differences in student achievement may also be expected to arise from 
motivational differences induced by racial differences in socio-economic 
status. 

Like the race variable, the extent to which sixth grade students 
were read to before school ( P R E R D 6) ^ can be expected to alter 
th*: number and pattern of associations upon which new knowledge can be 
based. We would therefore expect the average sixth grade verbal score 
( V 6 ) to rise, cet . par . , as the value of P R E R rises. 



^The sample mean and standard deviation of TEDMAJ are .66 and .18 
respectively. 

15 * • 

STUTRY is a weighted’ school average of responses given by teachers to 

the question, "How hard do your students try?" Its values could range 
from 1 (not very hard) to 4 (very hard) and its sample mean and standard 
deviation are 2.06 and .63 respectively. 

16 > * 

The sample mean and standard deviation of RACE & are 54.61 and 39.26 

respectively. 

17 

/ PRERD^ is a weighted school average of responses given by sixth grade 
students to the question, "How often did someone read to you before you 
started school?" This variable was assigned a value of o if the student 
answered, "never" and a value 3 if the student answered, "often." The 
sample mean and standard deviation of PRERD^ are 1.65 and .23 
respectively. 
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Finally, we include the third grade verbal test score ( V 3 ) AO in an 
attempt to overcome the value added problem. In our study, V 3 is 
intended to represent the prior verbal ability of the sixth grade students 
even though V 3 and V 6 are not the test scores of the identical students. 
This use of V 3 is to some extent justified by the data which indicate 
that the educational experience and the racial and socio-economic 
characteristics of third and sixth grade students within a school tend to 
be very similar. ^ 

The equation that follows was estimated' by two stage least squares 
techniques. The numbers preceding the variable names are beta coefficients 
(the regression coefficients of the standardized variables) and the numbers 
in parentheses are F statistics (the squares of the t ratios). 

R 2 = .83 F = 299.27' 

V6 = .35 STUTRY + .32 RACE& + .20 TVERBL + 

(93.3) (76.4 (54.2) 

+ .14 PRERD 6 + .08 TEDMAJ 

(33.3) (15.6) 

The endogenous variables in this equation are V 6 and 
exogenous variables are RAC , TVERBL, V 3, PR 
TEDMAJ. 

IV . 2.3 The Second Equation: Student Motivation 

The theory of student motivation suggests that if the goods we have 
called P and T are normal and the substitution effect tends to dominate 
the income effect, we should detect a significant influence on motivation 
from variables affecting the rates at which the student thinks he can 
transform classroom time into P and T. The theory also suggests that we 
should expect to find differences in motivation arising from socio-economic 
differences in utility functions.. 

It should be recalled that while P and T have for simplicity been 
called peer and teacher acceptance, they are intended to be indices of 
goals or goods that can be bought with nonacademic and academic time 



. 17V3 
(32.7) 



PTUTRY . The 
E R D 6 and 
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V 3 is the average school score on a verbal test given to third grade 
students. Its sample mean and standard deviation are 15.76 and 1.85 
respectively. • 

19 ' 

The simple correlations between the background characteristics of 

third and sixth grade students are on the order of »9. 
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respectively. Thus, the rate at which the student thinks he can trans- 
form classroom time into T depends upon his notions of the returns to 
academic work in terms of expected future earnings and status as well 
as teacher and parental approval. 

20 

Parental interest in the student’s education ( PARINT ) can 
be expected to influence motivation in two ways. First, the returns to 
academic work in terms of parental approval are greater if PARINT is 
greater. Second, PARINT is to some extent an indicator of the nature 
of the student's family life. Following the argument in section III. 3, 
we can expect low values of PARINT to be associated with students who 
tend to value parental acceptance relatively less, and peer acceptance 
relatively more. High values of PARINT should tend to be associated 
with students who value parental acceptance relatively more and peer 
acceptance relatively less. The variable PARINT should therefore be 
positively associated with student motivation (STUTRY). 

The perceived returns in future earnings and occupational status 
will depend in great measure upon the kind of adult models the child has 
had. The child’s estimate of his chances of converting classroom time 
to a high status occupation will tend, cet . par . , to be relatively high 
if his father's occupational status ( F A T 0 C P )21 is high and low 
if his father's occupational status is low. 

Similarly, the teacher may function as an effective model if his 
students can identify with him in the psychological sense. It is 
assumed that a similar teacher-student racial background facilitates 
the process of identification. Teachers of a similar racial background 
will also be more successful in exploiting the pattern of associations 
of the student, thus motivating him to learn, and in. frustrating his 
attempts to convert non-academic time into peer acceptance, thereby 



20 

PARINT is the proportion of teachers in the school who thought that 
the parents tended to take an interest in their childrens' school work. 
The sample mean and standard deviation of PARINT are .48 and .27 
respectively. 

21 

FATOCP is a weighted school average of sixth grade student responses 
to a question about their father's occupation. The occupation was given 
the value o if it carried low status (laborers, etc.) and the value 2 if 
it carried high status (doctors, etc.).. The sample mean and standard 
deviation of FATOCP are .79 and .29 respectively. 



